Objective: To assess the impact of air pollution and ozone on morbidity due to respiratory diseases among children from 2005 to 2008. Methods: The database was composed by daily reports on visits by children with respiratory diseases in health units of the Unified Health System (SUS) in the municipality of Campo Grande, MS, Brazil, by daily levels of ozone concentration measured by the Department of Physics, Federal University of Mato Grosso do Sul, and by daily measurements of temperature and relative humidity provided by the Agricultural Research Corporation-EMBRAPA Gado de Corte-MS. The relationship between respiratory diseases and ozone concentration was investigated through Generalized Linear Models (GLM) using the multiple Poisson regression model. The significance level α = 5% was adopted for all tests. Results: It was observed that the association between ozone (lagged by three time-steps) and attendance for respiratory diseases in children was statistically significant. The bio-meteorological variable Wind-adjusted Effective Temperature (lagged by four time-steps) was also significantly associated with diseases. Conclusions: The results suggest that the surface ozone concentration promotes adverse effects on children's health even when pollutant levels are below the amounts permitted by law.
Introduction
Problems arising from atmospheric pollution began to be considered as a public health issue following the Industrial Revolution, when people began to be concentrated in the urban structures that we know today. The level of city population in Brazil reached 87% by 2010 and the cities of the developing world will make up 81 per cent of urban humanity [1] .
Atmospheric pollution has affected population health, even where the levels are found to satisfy current legislation. The age-bands most affected are children [2] - [4] and the elderly [5] - [8] ; both of the groups are most susceptible to the deleterious effects of pollution. Some studies have shown a positive association between mortality by respiratory diseases and atmospheric pollution [2] - [4] .
The limited information currently available on the relation between atmospheric pollution and respiratory diseases in cities was the motivation for the work reported here. Its objective was to explore the relation between ozone concentration and the number of hospital admissions for diseases of the respiratory tract in children from the city of Campo Grande-MS, Brazil.
Methods
The work is an ecological study of time series from the township of Campo Grande in the State of Mato Grosso do Sul. Records of out-patient visits to the city's health centers were obtained from the Secretary for Municipal Health, and were used to establish attendances by children in the 0 to 14-year age-group. The period of analysis ran from the first of January 2005 to 31 December 2008. Respiratory diseases were coded using the 9 th Revised International Classification of Diseases (CID-9 460 to 519).
The city of Campo Grande (20˚27ꞌ16"S; 54˚47ꞌ16"W, altitude 650 m) is sited on the Maracaju-Campo Grande plateau, 150 km from the beginning of the largest flood-plain in the world, the Mato Grosso Pantanal (area 139 111 km 2 ). The region is tropical with high temperatures predominating throughout the year, high rainfall and high relative humidity. Mean annual temperature in the city is 23.5˚C and mean annual rainfall is 1396 mm; mean humidity is 71%, varying over the year between 64.7% and 79%. Winds are predominantly from the north (N), followed by north-east (NE) and east (E) [9] .
Mean summer temperature is 25.2˚C, with maximum temperatures varying between 35.8˚C and 37˚C and minimum temperatures between 9.8˚C and 12.8˚C. Summer rainfall is high, averaging 552.9 mm whilst relative humidity and atmospheric pressure vary little, and are always high. In winter, temperatures are more agreeable and tend to be uniform over the city; rainfall, relative humidity and atmospheric pressure are lower. Mean winter temperature varies between 20.3˚C and 22.2˚C; temperature maxima range between 34.8˚C and 39˚C, with minima between -1˚C and 3˚C. Records show that mean rainfall in winter is 108.7 mm. Relative humidity varies between 58.5% and 70.9% [10] .
The pollutant taken for study was ozone concentration (O 3 in ppb) present in the atmosphere during the period 2005 to 2008, measured daily at the monitoring station of the Physics Department of the Federal University of Mato Grosso do Sul. Measures were recorded every 15 minutes through each 24-hour day to give ozone concentrations. Daily mean concentrations were calculated and were taken as estimates of air pollution within Campo Grande city. Information on rainfall, temperature, humidity and wind-speed were obtained from the EMPRAPA research station for beef production in Campo Grande.
The level of human heat comfort (CTH) is measured in terms of comfort indices, otherwise called bio-meteorological indices. The present work used the two indices Effective Temperature (ET), and Wind-adjusted Effective Temperature (WET). ET is calculated from the meteorological parameters temperature and humidity; WET uses these parameters together with wind-speed. These two indices were chosen because they give an acceptable representation of climate.
Quantitative variables were summarized in terms of measures of central tendency (mean, median) and dispersion (standard deviation) and coefficient of variation; modeling was in terms of Generalized Linear Models (GLMs) using Poisson Multiple Regression (PMR).
In PMR, the dependent variable (the number of hospital admissions) is a counting process: that is, it is a discrete quantitative variable. The independent variables are candidate variables for explaining the behavior of the series through time. These independent variables were meteorological variables (maximum, minimum and mean temperatures; humidity of the air; CTH indices; wind-speed and rainfall). The response variable in a Poisson regression should follow a Poisson distribution in which the mean of the response variable is equal to its variance. This may not always occur when analyzing experimental data, when over-dispersion (variance greater than the mean) or under-dispersion (variance less than the mean) may occur. It is still possible to use Poisson regression after data transformation [11] [12] .
The biological effects of pollution and climate variables on human health appear to show a time-lag beginning at the time of exposure to polluting and climate agents. The hospital appearances on a specific day can therefore be associated with both the pollution level and climate variables of that day, and in preceding days. It is therefore necessary to determine the "lag" structure [13] .
Before fitting the PMR, correlations with lagged variables were calculated to allow for the fact that subjects' respiratory diseases can be out of phase with pollution and climate forcing variables. The lags used were from one to seven days, since the object of the study was to determine whether correlations existed between the numbers of hospital admissions and environmental variables up to the start of the preceding week. The correlation matrix was therefore calculated between variables used in the study and their lagged series, so as to determine which variables should enter the model as measured by their statistical significance, and to explore whether collinearity existed between the independent variables.
A Poisson Regression Model on each independent variable separately was used to determine which meteorological variables were relevant at the P < 0.25 significance level; those that were, were then used in a Poisson Multiple Regression Model given by the following equation:
where PNECRIAN is the dependent variable (the number of hospital admissions with respiratory disease for child in the city of Campo Grande), α and β are parameters to be estimated, and the Xi are the independent variables. PRMs were fitted for the groupings week-day, public holiday, and year. Relative risk (RR) was calculated using the fitted model parameters by means of:
where X is the value of the independent variables and β is the parameter estimated by the Poisson regression. The 95% confidence interval for the estimated parameter β is given by the following:
where SE is the standard error of the estimated β.
Results
During the study period, 4691 children were treated for pneumonia defined according to Chapter VIII of CID-9. Figure 1 shows that between 2005 and 2008 the pollutant ozone O 3 did not exceed the daily limit for air quality, 80 ppb, defined by Conama, the National Council for the Environment. Table 1 shows descriptive statistics for the variables number of children with pneumonia, daily levels of ozone pollution, maximum, minimum and mean air temperatures, relative humidity of air, and bio-meteorological indices.
Ozone air pollution is positively correlated with respiratory disease ( Table 2 ). The table also shows a proportional inverse relation between diseases and climatic indicators, except for wind-speed, for which the correlation is positive. Table 3 shows the model with greatest statistical significance, having the least AIC (Akaike Information Criterion). The smaller the AIC statistic, the better is the model at representing the relation between explanatory variables and the response variable. The model in Table 3 was found to be most efficient for predicting the number of hospital admissions for respiratory diseases in the city of Campo Grande. It can be seen that the association between ozone (lagged by three time-steps), and attendance for respiratory disease was statistically significant. Table 3 also shows that the variable Minimum WET (the bio-meteorological variable, lagged by four timesteps) is also significant. Figure 2 shows that, for the lag period used, ozone has a positive and significant association with the disease. Figure 3 shows the percentage increase in admissions resulting from increased ozone concentration. Figure 4 shows the negative association between number of admissions of children with respiratory disease and the index Minimum WET; Figure 5 shows the percentage decrease in number of admissions. 
Discussion
Although this paper reports an ecological study in which the unit studied is the group of individuals representative of a district, city or even a country and not individual observation, it must be emphasized that these studies have been shown to be efficient for analysis of the effects of pollution on health [3] [4] [6]-[8] [13] . The option of working with the total number of respiratory diseases and not with each specific pathology, rests on the probability of reducing the range of various services supplying the original data. Through the use of increasingly-sophisticated regression models, confounding factors which could interfere with the data analysis could be more efficiently controlled. Generalized Linear Models (GLMs) were used to describe the relation between response and explanatory variables, in particular by using Poisson Multiple Regression because the response variable was a counting variable, quantitative and discrete, representing the number of admissions for respiratory disease [14] . The independent variables described behavior of the series through time. These were meteorological variables (maximum and minimum temperatures and humidity; human heat comfort index CTH; wind-speed and rainfall). Variables "Day in the week" and "Public holiday" were used to control short-duration seasonality, whilst the variable "Year" was used to control longer-term seasonality.
Positive associations were found between ozone level and infant respiratory disease in Campo Grande. These effects are similar to those found in other Brazilian cities, especially in São Paulo [2] - [4] in terms of both the diversity of pollutants and the magnitude of the estimated effects.
The increased incidence of respiratory disease under winter conditions is due to two main factors: the low temperatures, and the increases in concentrations of primary pollutants [5] [7] [8] [13] . Ozone O 3 is a secondary pollutant which depends on the presence of solar radiation and on precursors, such as nitrogen oxides and hydrocarbonates. Dry winters with sunny days satisfy all the conditions for increased levels of this photochemical agent, as in other seasons of the year. Thus, O 3 does not show high correlation with other variables included for analysis in the present study. Nevertheless its oxidizing action and its capacity to induce inflammation give it an active role in causing and aggravating respiratory diseases, as reported in other studies [3] [4] .
Based on the results found it can be concluded that, although levels of air pollution in Campo Grande are not very high and do not exceed standards above which air is regarded as polluted, they are nevertheless associated with respiratory problems in the city's child population.
It is hoped that the results reported here will be useful in terms of measuring the risks to which the population is exposed, and for developing measures to minimize such risks, thus contributing to planning issues of environmental or urban health and the consequent development of public policy.
